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BACKGROUND OF THE INVENTION
10 Field of the Invention

This invention relates to a semiconductor encapsulating

epoxy resin composition and more particularly, to a
semiconductor encapsulating epoxy resin composition which is
free of antimony trioxide and brominated compounds or

15 contains a reduced amount of antimony trioxide and cures to
a product having improved high-temperature exposure
resistance, flame retardancy and reflow cracking resistance.
It also relates to a semiconductor device encapsulated with
the composition in cured form.

20

Background Art
With the recent trend toward high density packaging of
semiconductor devices, the mainstream of semiconductor
device packaging is surface mount péckaging. A reliability
25 problem arises in manufacturing such surface mount packages.
During manufacture, packages enclosed with conventional
encapsulants are exposed to high temperatures of about 215
to 260°C, at which there can occur separation at the chip-
encapsulant interface and cracking of the encapsulant
30 portion. Then reliability after packaging is not insured.
Under such circumstances, encapsulants using a biphenyl
type epoxy resin characterized by low water absorption and
reflow cracking resistance are widely used for the surface
mount packaging. Although the biphenyl type epoxy resin has
35 superior reflow cracking resistance to conventional
encapsulants owing to low water absorption and low modulus
at high temperature, it is inferior to conventional



. 25 problem arises in manufacturing such surface nount packages. During
manuf act ure, packages enclosed with conventional encapsul ants are exposed
to high tenperatures of about 215 to 260[err]C, at which there can occur
separation at the chip- encapsul ant intepface and cracking of the
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i ke, |leaving a serious groblen1 Fai |l ure occurs in integrated CI{fUItS when
they are 5 eft to stand at high temperature because an 1ntermetallic
compound can form at the joint between an aluminum electrode
and a gold wire to increase a resistance value, eventually

damaging the wire. It is known that formation of this

intermetallic compound is promoted by the presence of Br or

3+ . . . P, s
10 Sb™ contalned in the resin composition as a flame retardant.

The most commonly used flame retardant is a combination of
brominated epoxy resin and antimony trioxide. Therefore,
reducing the amount of the flame retardant blended would be
effective for improving high-temperature exposure

15 resistance.

Undesirably, reducing the amount of the flame retardant
bilended improves high-temperature exposure resistance to
some extéent at the sacrifice of flame retardancy, that is,
failing to meet the flame retardancy standard, UL-94, V-0

20 rating.

Antimony trioxide (Sb,0;) and brominated compounds used

as the flame retardant are toxic materials. From the
standpoint of its influence to human bodies and the
environment, it is desirable that the resin composition does

25 not contain antimony trioxide and brominated compounds or
contains a minimized amount of antimony trioxide.

SUMMARY OF THE INVENTION
An object of the present invention is to provide a
30 semiconductor encapsulating epoxy resin composition which
can eliminate or reduce the amount of antimony trioxide and
brominated compounds used and cures to a product having
improved high-temperature exposure resistance, flame
retardancy and reflow cracking resistance. Another object
35 of the present invention is to provide a semiconductor
device encapsulated with a cured product of such a
semiconductor encapsulating epoxy resin composition.
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semiconductor device encapsulated with the cured product is
improved in high-temperature reliability. The present
10 invention is predicated on this finding.
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13 0- P— ~P -0 0- P 0O——
; i i R* i R¢
S ' 5 : 5
20 R R . R
Rl
O
Il R®
O—IT—O
R’
D; d (1)
R® R
25
RS
30 In the formula, each of R' and R? is an alkyl radical

having 1 to 4 carbon atoms. Each of R’ and R is a hydrogen

atom or alkyl radical having 1 to 4 carbon atoms. R’ is a
hydrogen atom, hydroxyl radical or glycidoxy radical. Each
of Rs and R is a hydrogen atom, hydroxyl radical, or a

35 radical represented by
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, contains a mnimzed anount of antinony trioxide. SUVWARY OF THE | NVENTI ON
An object of the present invention is to provide a 30 sem conductor
encapsul ati ng epoxy resin conposition which can elimnate or reduce the
anount of antinony trioxi de and bronrnatgd conpounds used and cures to a
product having i nproved hi gh-tenperature exposure resistance, flane
retardancy and refl ow cracking resistance. Another object 35 of the
present invention is to provide a seniconductor devi ce encapsul ated with a

cured product of such a sem cond r encap tlng ep resin
conposi tion. - 3pCHeH-tght 0 e fop _gﬁzéynductor
encapsul ati ng epoxy resks conp05| u3|ng npoun formula (1) to be
defined below as a flane retardant cures to a product which is inproved in
flame retardancy despite 5 the absence of antigwny trioxide and bron nated

conpounds The cured E<zz§§t |s ar22::§Proved _{Z:j§omrcrack|ng

Each of R® and R is a hydrogen atom or methyl radical.

Letter n is an integer of 0 to 10.
Briefly stated, the present invention provides a

10 semiconductor encapsulating epoxy resin composition
comprising

(A) 20 to 80 parts by weight of an epoxy resin,
(B) 20 to 80 parts by weight of a curing agent,
(C) 0.1 to 50 parts by weight of a compound of formula

15 (1), and

(D) 200 to 1,200 parts by weight of an inorganic
filler. _ _

A semiconductor device encapsulated with a cured
product of the composition is also contemplated herein.

20 The epoxy resin composition of the invention uses a
phosphorus compound of a specific structure as defined by
formula (1) as a substitute for brominated epoxy resin and
antimony trioxide traditionally used as the flame retardant.

Since the composition does not contain any source of Br and
25 Sby'capable of promoting formation of an intermetallic

compound during high-temperature exposure, semiconductor
devices encapsulated with cured products of the composition
exhibit high-temperature reliability comparable to flame
retardant-free epoxy resin compositions. The inventive

30 composition also has superior flame retardancy and reflow
cracking resistance. In addition, since antimony trioxide
and brominated compounds which are detrimental to human
bodies and pollutes the environment is omitted, the present
invention offers an epoxy resin composition which is quite

35 useful in the industry.



resi stance and hi gh-tenperature exposure resistance.
devi ce encapsul ated with the cured product

reliability.
Formula (1):

The present 10 invention is predicated on this finding.
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according to the present invention is an epoxy resin.
Included are biphenyl type epoxy resins, novolak type epoxy
resins, polyfunctional epoxy resins, alicyclic epoxy resins,
heterocyclic epoxy resins, bisphenol A epoxy resins,
naphthalene ring-containing epoxy resins, and halogenated
epoxy resins. Preferred among others are biphenyl type
epoxy resins since they most effectively satisfy the
requirement of reflow cracking resistance. Another epoxy
resin or resins may be used in combination with the biphenyl
type epoxy resin, if necessary.

The biphenyl type epoxy resin is typically represented
by the following general formula (6).

R R R R
CH-CHCH,~-0 OCH,CHCH, 40—
5 |
' R R R R OH °
R R R R
OCH,CH-CH
R (6)
R R R R

In the formula, R.is a hydrogen atom, halogen atom or alkyl
radical having 1 to 5 carbon atoms, and letter g is an
integer of 0 to 5.

Any desired curing agent (B) may be used for the epoxy
resin insofar as it is a compound having at least two
functional groups capable of reacting- with the epoxy resin.
The curing agent is not particularly limited in molecular
structure and molecular weight. Exemplary curing agents are
phenol resins including bisphenol A and F type phenol
resins, phenol novolak resins, triphenol alkane type phenol
resins and polymers thereof, biphenyl type phenol resins,
dicyclopentadiene-phenol novolak resiné, phenol aralkyl type
phenol resins, naphthalene ring-containing phenol resins,
alicyclic phenol resins, and heterocyclic phenol resins.



. (A 20 to 80 parts by weight of an epoxy resin, (B) 20 to 80 parts by
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parts by weight. Particularly when a phenol resin is used
as the curing agent, it is preferably blended in such
amounts that the molar ratio of epoxy groups in the epoxy
10 resin to phenolic hydroxyl groups in the phenol resin may
range from 1/2 to 2/1, more preferably from 1/2 to 3/2, most
preferably from 4/5 to 3/2.
In the practice of the invention, a curing catalyst is
preferably used in oxrder to promote curing reaction between
15 the epoxy resin and the curing agent. Any desired curing
catalyst may be used insofar as it can promote curing
reaction. Exemélary curing catalysts include phosphorus
compounds such as triphenylphosphine, tributylphosphine,
tri(p-methylphenyl)phosphine, tri(p-methoxyphenyl)phosphine,
20  tri(p-ethoxyphenyl)phosphine, triphenylphosphine triphenyl
borate, and tetraphenylphosphine tetraphenyl borate;
tertiary amines such as triethylamine, benzyldimethylamine,

o-methylbenzyldimethylamine, and 1,8-diazabicyclo(5.4.0)-

undecene-7; and imidazoles such as 2-methylimidazole, 2-
25 phenylimidazole, and 2-phenyl-4-methylimidazole.
The curing catalyst is preferably blended in an amount
of 0.01 to 20 parts by weight; especially 0.1 to 10 parts by

weight per 100 parts by weight of the epoxy resin and curing
agent combined.

30 The composition of the present invention is
characterized by using a compound of formula (1) as a flame
retardant.

Formula (1):

35
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according to the present invention is an epoxy resin. 5 I

bi phenyl type epoxy resins, novolak type epoxy resins, polyfunctlonal epoxy
resins, alicyclic epoxy resins heterocyclic epoxy resins, bisphenol A
epoxy resins, na-hthalrne riggg- cont ai it ng epoxy resins, and el ogenat ed
epoxy resins. PRE g anDn other ' 10 e oxy resins
since they nost ef | "ackKi ng
resi stance. AnoR d Ji,n co jnatiof with

p
t he bi phenyl type epoxy §93| , I{ ﬁ%cess§ny Th 4blphenyIRaty e eﬁox resin
IS typlcally represented \;i:ﬂ/ \gi:ﬂ/
7 R
O—ﬁ—O ,
R e (
10 o | (1)

RS

15 1In the formula, each of R' and R’ is an alkyl radical having
1l to 4 carbon atoms. Each of R’ and R is a hydrogen atom or
alkyl radical having 1 to 4 carbon atoms. R is a hydrogen

atom, hydroxyl radical or glycidoxy (-OCH, QEISHZ) radical.
o

20 Each of R® and R’ is a hydrogen atom, hydroxyl radical, or a

radical represented by

~OCHCH CH, -@ —o—-@, 0.

25 R?
S0y ol o )
ps
Each of R® and R’ is a hydrogen atom or methyl radical.
Letter n is an integer of 0 to 10.
30 The alkyl radicals having 1 to 4 carbon atoms include

methyl, ethyl, n-propyl, i-propyl, n-~butyl, sec-butyl, and
tert-butyl radicals. While R' to R’ are as defined above,

‘both R' and R’ are preferably the same alkyl radicals, most
preferably tert-butyl radicals. Both R’ and R® are

35 preferably methyl radicals. R’ is preferably a hydrogen



hydr ogen at om halogen atom or al kyl radi cal having 1 ns,

and letter g is an integer of O to 5. Any desired curin y be
used for the epoxy resin insofar as it i_g_a conpound ha two 30
functional groups capable of reacting with the epoxy resin. The curlng
agent is not particularly limted in nmolecular structure and nol ecul ar

wei ght. Exenpl ary curing agents are phenol resins including bisphenol A and
F type phenolatbasi nat pE&sel oot ak BR&I RS.id Ipreterablpl kamgidasga phenol
35 resins and polynmers thereof, biphenyl type phenol resins,
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5 Preferred among the compounds of formula (1) are
compounds of the following formulae (2) and (3).

.15 Dby the follow ng general formula (6). [err] 25 Qé@f}pals @ek&ds a

O tert—C4H9 O
Sl i
10 HO o—1|>—o o-z;—o OH
0 0 n
CH, i cy, tert-CHe o i CH,
- (2)
15
HO, c") tert—C.H, 0 OH
1 .
o—1|>—o . o-1|>—o
HO O _ 0 =~ 0H '
20 CH, i cy, tert-Cdle  opp, i CH,
- (3)

25 In thesg formulae, letter m is an integer of 1 to 11.
It is noted that the compounds of formula (1) should
desirably contain less than 50 ppm, more desirably less than
10 ppm of chloride ions and alkali metal ions combined as
extracted at 120°C and RH 100%. More than 50 ppm of
30 chloride ions and alkali metal ions combined would adversely
affect the high-temperature exposure resistance and humidity
resistance of the composition.
The flame retardant of formula (1) is added to the
composition in an amount of 0.1 to 50 parts by weight per
35 100 parts by weight of the epoxy resin and curing agent
(typically phenol resin) combined. Flame retardancy is
insufficient with less than 0.1 part of the flame retardant



They may be used alone or in adm xture. The epoxy resin (A) and curing
agent (B) are used in such proportion that there are 20 to 80 parts by

wei ght of 5 the epoxy resin (A and 80 to 20 parts by weight of the curing
agent (B), provided that the sumof (A) -P-(B) is 100 parts by weight.
Particul arly when a phenol resin is used as the curing agent, it is
preferably blended in such anobunts that the nolar ratio of epoxy groups in
the epoxy 10 resin to phenolic_ hydroxyl groups.in the phenol resin may
range from 1/09L§as) TPQﬁDFBaﬁbr%‘? eQaeFB;I% oy thel;%a‘f‘% BHEALqaRLt WeRefer abl y
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it easier to satisfy the flame retardancy standard (UL-94,
10 V-0 rating) than the use of the compound of formula (1)

alone.
OH OH
oS pe) ()
15 i-CHy” Ni-CH,
OH OH
(CYAGARD RF 1204, Citex-Ind.)
20 i '
PLC—?—O Al - (5)
OCH,; s

(REOFLAM 410, FMC-Ind.)
The amount of the flame retardant aid of formula (4) or
25 (5) added is preferably 0.1 to 50 parts by weight per 100
parts by weight of the epoxy resin and curing agent
(typically phenol resin) combined. Less than 0.1 part of
the aid would be ineffective for its purpose whereas more
than 50 parts of the aid would increase the viscosity of the
30 composition to obstruct molding. The mixing proportion of
the compound of formula (4) or (5) and the compound of
formula (1) is preferably from 0.2:1 to 2:1.
The epoxy resin composition of the invention further
contains (D) an inorganic filler which is selected from
35 those commonly used in conventional epoxy resin
compositions. Exemplary fillers include siljica fillers such
as fused silica and crystallfhe silica, alumina, silicon
nitride, aluminum nitride, boron nitride, titanium oxide,



. a-met hyl benzyl di net hyl am ne, and 1, 8-di azabi cycl o(5. 4.0)- undecene-7; and
I m dazol es such as 2-nethyli m dazole, 2- 25 phenyli m dazol e, and
2- phenyl - 4- et hyl i m dazol e. The curing catalyst is preferably blended in an
anount of 0.01 to 20 parts by weight, especially 0.1 to 10 parts by wei ght
per 100 parts by wei ght of the epoxy resin and curing agent conbi ned. 30
The conposition of the present invention is characterized by using a
conmpound of forrmula (1) as a flane retardant. Fornmula (1): 35 -7- Jerr]
15 In the Bodnglassebibens. Rlhe ingndapier filler g aidtyparsdreddrhaving 1
to 4 carbon 3tpReed EACHel pAAilcd1c2BEZBl 8N shife S TOHHREEF 12l 8P 0% ah KY!
rad! cal havi ggméaglo gr%fé]?eonsiazteorgsf abgultssatgy 60;%r?narzg ongeff;%(g(ragx&l)r
radi cal . p P
moldability and fluidity. The loading of the inorganic
5 filler is 200 to 1,200 parts by weight per 100 parts by
weight of the epoxy resin and curing agent (typicaliy phenol
resin) combined. Compositions containing less than 200
parts of the filler have a larger coefficient of expansion
so that more stresses are applied to semiconductor devices

10 to detract from their properties and with respect to high-
temperature expoéure resistance, intermetallic compounds
formed by high-temperature exposure receive more stresses,
resulting in losses of properties. Compositions containing
more than 1,200 parts of the filler have a higher viscosity

15 +to adversely affect molding. It is recommended to use the
inorganic fillers which have been surface treated with
silane coupling agents in order to enhance the bond strength
between the resin and the filler surface.

If aesired, the epoxy resin composition of the

20 invention may further contain various additives. Exemplary
additives are stress-releasing agents such as thermoplastic
resins, thermoplastic elastomers, organic synthetic rubbers
and silicone, waxes such as carnauba wax, fatty acids and
metal salts such as stearic acid, pigments such as carbon

25 black, cobalt blue, and red iron oxide, silane coupling
agents such as glycidoxypropyltrimethoxysilane, surface
treating agents such as alkyl titanates, anti-oxidants, and
halogen trapping agents.

The epoxy resin composition of the invention is

30 prepared, for example, by uniformly agitating and blending
predetermined amounts of the above-mentioned essential and
optional components, and kneading the mixture by a kneader,
hot roll mill or extruder pre-heated at 70 to 95°C, cooling
and comminuting into chips.

35 The epoxy resin composition thus obtained is useful in
enéapsulating variocus semiconductor devices therewith. The
composition may be molded over semiconductor devices by any
conventional technique such as transfer molding, injection



.6 7 20 Each of R and Ris a hydrogen atom hydroxyl radical, or a
radi cal represented by [err] Each of R err] and Rerr] 1is a hydrogen atom
or nethyl radical. Letter nis an integer of 0 to 10. 30 The al kyl
radicals having 1 to 4 carbon atons include nethyl, ethyl, n-propyl,

| -propyl, n-butyl, sec-butyl, and tert-butyl radicals. Wile Rerr] to

Rl err] are as defined above, both R and R are preferably the sane al kyl
radical s, nost preferably tert-butyl radicals. Both R err] and R err] are
35  pref er aftsidigichylandagrebing. H.ow pressheeablgnafdwy dnalghimg isat om At

| east one of d&mndiRd $okl eher 8PbYy ardwigr %}ﬁk)oéfﬁi&?l of"eifll %Gl Ayk §hher
radi cal because these conpounds nay react wth the epoxy resin cofponent to
forma part ofeRH&hlysithesRRPEY oFeSH compospEapar &g ath@ conpounds of

formula (1) aremmonparedsfolisheo fpdowiifog Bor gl 280 (Qcahs G- post
5 cured at a temperature of 150 to 180°C for 2 to 16 hours.
There has been described an epoxy resin composition
which can eliminate the use of antimony trioxide or reduce
the amount of antimony trioxide and brominated compounds
used and which cures to a product having improved high-

10 temperature exposure resistance, flame retardancy and reflow
cracking resistance. A semiconductor device encapsulated
with a cured product of such a semiconductor encapsulating
epoxy resin composition remains reliable at high

temperature.
15
EXAMPLE
Examples of the invention are given below by way of
illustration and not by way of limitation. All parts are by
weight.
20

Examples 1-6 and Comparative Examples 1-3

Epoxy resin compositions were prepared by uniformly
melt mixing the components shown in Table 1 in a hot twin
roll mill, followed by cooling and comminution.
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In the practice of the invention, a phosphorus- 5 containing conpound of
the following fornmula (4) or (5) is preferably blended as a flane retardant
aid along with the conpound of fornula (1). The conbi ned use of the
conmpound of formula (1) and the conpoundszaf fornmula (4) or (5) makes it
easier to satisfy the flanme retardancy standard (UL-94, 10 V-0 rating)
than the use of the conmpound of fornula (1) alone. OH OH [err] (RECFLAM
410, FMC-I1nd.) The anmount of the flame retardant aid of formula (4) or 25
(5) added is pref®heddycdnfodixi®@spaetre éyamimieghtoypehel@0lpawimg by wei ght

f th | ' t I gal h I ' nbi ned. L
Chan 0. 1" par FEBEo T norte Pmiits™BES, Rho¥R £ RetBIoTTS [or poke wher oas mor e

[ ective for its purpose whereas nore
than 50 part$1of SPhEahi%ELa%bul d i ncrease the viscosity of the 30

conposi tion to obgkingta MdTH G préberibaa Ngy RHDEMMTOBLahdaRE, cspreund of
formula (4) or (5) and the conmpound of formu aé%é% S Ereferapiy fromO0.2:1
to 2:1. The &PpBYYyVRESPPATHRSHINEARENCORALHEODST En 70rkgéem and a

molding time of 120 seconds.
(2) Gelling time
The gelling time of a composition was measured on a hot
plate at 175°C.
10 (3) Molded hardness
A rod of 10 x 4 x 100 mm was molded at 175°C and 70

kg/cm2 for 120 seconds according to JIS K-6911. The rod was

measured for hardness by a Barcol hardness tester while
being hot.
15 (4) Reflow cracking
A flat package of 14 x 20 x 2.1 mm was molded at 175°C

and 70 kg/cm2 for 120 seconds and post cured at 180°C for 4

hours. it was allowed to stand in a constant
temperature/humidity container at 85°C and RH 85% for- 75
20 hours for water absorption and then dipped in a solder bath
at 240°C for 30 seconds. The package surface was observed
for cracks.
(S) Flame retardancy
According to UL-94 standard, a plate of 1/16 inch thick
25 was molded and examined for flame retardancy.
(6) High-temperature exposure resistance
A simulating element having aluminum wiring on a
silicon chip and a partially gold-plated 42-alloy lead frame
were bonded with a gold wire of 30 im diameter. The
30 assembly was encapsulated with an epoxy resin composition by

molding at 175°C and 70 kg/cm2 for 120 seconds, obtaining a

14 pin DIP. The package was post cured at 180°C for 4 hours
and allowed to stand in a drier at 200°C for a preselected
time (0, 96 and 168 hours). After the cured resin was

35 dissolved away in fuming nitric acid, the bonded portions on
the chip side were measured for shear strength.



.contains (D) an inorganic filler which is selected from 35 those comonly
used in conventional epoxy resin conpositions. Exenplary fillers include
silica fillers such as fused silica and crystalline silica, alumna,
silicon nitride, alum numnitride, boron nitride, titanium oxide, -10-
and glass fibers. The inorganic filler is not particularly limted in mean
particle size or shape although fiIIers_w#gh_a mean particle size of about
5to 40[err]mare preferred for noldability and fluidity. The | oadi ng of
the inorganic 5 filler is 200 to 1,200 parts by wei ght per 100 parts by
wei ght of the epoxy resin and curing agent (typically phenol resin)

conbi ned. Conpositions coptaining | ess than 200 parts of the filler have a
| arger coefficient of expansion so that nore stresses are applied to
sem conduct or devices d0 |[to detract fromtheir properties and wi'th respect
to high- tenperature éﬁposure resistadice, intermetallic conpounds fornmed by
hi gh-tenperature exposhre|raceive wr@ stresses,
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_resulting in | osses of properties. Conpositions containing nore than 1,200
parts of the filler have a higher viscosity 15 to adversely affect
nolding. It is reconmended to use the inorganic fillers which have been
surface treated with silane coupling aggrts in order to enhance the bond
strength between the resin and the filler surface. If desired, the epoxy
resin conposition of the 20 I nvention may further contain various
additives. Exenplary additives are stress-rel easing agents such as
thernopl astic r esA@sseéﬂerﬂmplmt 'tcgselast@;;reraﬂaleorzgamh@ gpaiﬁexltés:inlr ubber sh
and silicone, waxes suc s..carn att i an t salts suc
as stearic ag?ﬁ?oiﬁEﬁ%ﬂ1sgaﬂﬁﬁ%néggc§r¥ﬁ§$ é“%?&?&Fgggb%?tfi%@%L and red
iron oxi de, sétandambupltihiq ddenssopacdf dsheliynviedsippr ppgld réummdoxysi | ane,
surface treat} Vi & a0 t by RXi ts, and hal ogen
trappi ng age %gqu%in%%%x pgg?ﬁe%gn%% ?t?%ﬁﬁ%ﬁétpﬁg Fﬁeéﬁgﬁ%n Is 30
pr epar ed,> f oFeekarpnee, vilams LEtaArgangy + Anhdefd@WorEaakarg pr edet er mi ned
anount s of thesabeyecerenti oned essential and optional conponents, and
kneadi ng the m xture by a kneader, hot roll mll or extruder pre-heated at
70 to 95[err]C, cooling

Reference Example 1: Synthesis of compound of formula (2)

In a reactor equipped with a condenser and exhaust gas

10 removing unit, 3.78 kg (17 mol) of 2,5-di-tert-butyl-
hydroquinone, 3 kg of ethyl acetate, and 0.170 kg of
pyridine were thoroughly mixed by agitation under dry
nitrogen. After the reactor was heated to an internal
temperature of 60°C, 4.67 kg (34 mol) of phosphorus

15 trichloride at 60°C was added to the mixture over 30
minutes. The resulting mixture was refluxed for about one
hour at an internal temperature of about 74°C. Then a
solution of 4.15 kg (34 mol) of 2,6-dimethylphenol in 3 kg
of ethyl acetate was added to the mixture over one hour at

20 an internal temperature of 75 to 77°C. The resulting'brown
solution was agitated under reflux for 1-1/2 hours and then
cooled to about 25°C. A solution of 3.74 kg (34 mol) of
hydroéuinone in 9 kg of ethyl acetate and 2.7 kg of acetone
at 25°C was added dropwise to the reaction solution over

25 about two minutes, 4.66 kg (46 mol) of triethylamine was
added thereto, and the resulting mixture was agitated for a

further 30 minutes. To the mixture 3.86 kg of 30% H,0, was

added over about one hour. The mixture was agitated for a
further 2 hours while maintaining the reactor at a _
30 temperature of 30 to 35°C. The resulting mixture was washed
twice with 1N HCl and once with 0.1N HCl. The organic phase
was separated, dried over sodium sulfate, and stripped of
the sclvent under vacuum. Finally, the solid residue was
dried for a further 30 minutes under high vacuum, yielding
35 8.33 kg (theoretical yield 71%) of the end product. On GPC
analysis, it had Mn = 700 and Mw = 2947. The results of



_and comm nuting into chips. 35 The epoxy resin conposition thus
obtained is useful in encapsul ating various sem conductor devices
therewith. The conposition may be nol ded over sem conductor devices by any
conventional technique such as transfer.isnl ding, injection nmol di ng, and
casting. Low pressure transfer nolding is effective for the epoxy resin
conposition of the invention. Desirably the epoxy resin conposition is

nol ded at a tenperature of 150 to 180[err]C for 30 to 180 seconds and post
5 cured at aelemgmtalk LamalgfsitSareosidwh epelassf oITh2 rhlébiheucentetier e has
been describggsafegpoé*ﬂ{qﬁbg_conposition whi ch can elimnate the use of
antinony trioxide or reduce the anount of antinony trioxide and brom nated
conpounds used and which cures t% a produd having iEwproved high- 10
tenperature exposgge, pséstance,ﬁjkﬁﬁe ret@rgancy and o,nhefl ow cracking

resi stance. A sem conductor device encapsul ated with a cured product of

such a sehi conduc€®tC@ncabsul at i iy Fhoxy reddh conpdsi®i on renmmins reliable
at high

Reference Example 2: Synthesis of compound of formula (3)

In a reactor equipped with a condenser and exhaust gas

removing unit, 22.22 g (0.1 mol) of 2,5-di-tert-butyl-

10 hydroquinone, 17.5 g of ethyl acetate, and 1.05 g of
pyridine were thoroughly mixed by agitation under dry argon.
To the mixture was added 27.5.9g (0.2 mol) of phosphorus
trichloride. The resulting mixture was slowly heated and
maintained under reflux for about one hour. Then a solution

15 of 24.4 g (0.2 mol) of 2,6-dimethylphenol in 17.5 g of ethyl
acetate was added to the mixture over about 10 minutes. The
resulting brown solution was agitated under reflux for 1-1/2
hours and then cooled to about 25°C. A solution of 25.22 g
(0.2 mol) of 1,3,5-trihydroxybenzene in 52 g of ethyl

20 acetate and 15.5 g of acetone under ice cooling was added
dropwise to the reaction solution over about 15 minutes,
27.35 g (0.27 mol) of triethylamine was added thereto over
30 minutes under ice cooling, and the resulting mixture was
agitated for a further 30 minutes. To the mixture 2.67 g of

25 30% H,0, was slowly added. The mixture was agitated for a
further 2 hours. Thereafter, as in Reference Example 1, the
end compound was isolated and dried.

The resulting brown resinous material had a softening
point of 156.6 to 171.2°C. The results of elemental

36 analysis are shown below. The hydroxyl content was 5.65

meq/g.
c H 2
Found, % 61.20 6.53 8.13

Calcd., % 62.53 6.00 7.68
35 '

Although some preferred embodiments have been
described, many modifications and variations may be made



. tenperature. 15 EXAMPLE Exanples of the invention are given bel ow by way of
illustration and not by way of limtation. Al parts are by weight. 20
Exanpl es 1-6 and Conparative Exanples 1-3 Epoxy resin conpositions were
prepared by uniformly nmelt m xing the edmponents shown in Table 1 in a hot
twin roll mll, followed by cooling and comm nuti on. - 12 - [err]
These conpositions were exam ned by the following tests. The results are

shown in Table 2.
' thereto in the light of the above teachings. It is

therefore to be understood that within the scope of the
appended claims, the invention may be practiced otherwise
than as specifically described.



(1) Spiral flow Using a nold as prescribed by the EMM standard, spiral 5
fl ow was neasured under conditions: 175[err]C, 70 kg/cnferr] and a nol di ng
time of 120 seconds.

measured on a hot plate at 175[err]C. 10,4(3) Nbldedhbamﬁnﬁ§§aﬁkaﬁﬂapf 10 x
4 x 100 nm was nol ded at 175[err]C and Yb

kg/cn{err]
according to JIS K-6911. The rod was neasured for g Mrcol
har dness tester while being hot. 15 (4) Reflow1crack| kage of
14 x 20 x 2. grRpuwas nol ded at 175[err]C and 70 kg/cnferr] for 120 seconds
and post cured at 180[err]C for 4 hours. It was allowed to stand in a
constant tenperature/ humdity container at 85[err]C and RH 85% for 75 20

hours for watier abseepitcondacibi hatvapsuieding epsry tess imtdompiosi40pearr] C

for 30 seconds
ret ar dancy
5

The.

comprisi

(a)
(B)
(C)

(2) Gelling time The gelling tine of a conpoSition was

Rgckage surface was observed for cracks. (5) Flanme

20 to 80 parts by weight of an epoxy resin,
20 to 80 parts by weight of ‘a curing agent,
0.1 to 50 parts by weight of a compound of the

general formula (1), and

15

20

25

(D) 200 to 1,200 parts by weight of an inorganic
10 filler,

the general formula (1) being:

3 R4 3 I 3 R4
R® R

RI
Q X R
0-17—0—< §
R’ .
D; d (1)
R’ R

30 wherein each of R' and R’ is an alkyl radical having 1 to 4

carbon atoms,

each of R’ and R’ is a hydrogen atom or alkyl radical

having 1 to 4 carbon atoms,

R’ is a hydrogen atom, hydroxyl radical or

35 -OCH,CH-CH, radical,

|||I|||| I |Ill| |l||| ll llll



According to UL-94 standard, a plate of 1/16 inch thick 25 was nol ded and

> exam ned for flame retardancy. (6) Hi gh-tenperatur&hief © lacghince A
simul ating el enent having alum numw ring on a silic »E partially
gol d-pl ated 42-alloy |ead frame were bonded with a [err]m
diameter. The 30 assenbly was encapsulated with an epoxy resin

conposition by nolding at 175[err]C and 70 kg/cm for 120 seconds, obtaining
a 14 pin DIP. The package was post cured at 180[err]C for 4 hours and

al l owed to stand ipg® gl IR€rapd %Qﬂﬁn@]egtﬁgrs@l@é%@lpﬁneq:h@i ggpﬁg, 96 and

168 hours). After the cured resin was 35 dissolved away in fumng nitric
aci d, the bondefispstingpnst @n hyldeogln patsomle hyelrexydasadedal pramhear

strength. radfcald efé[lresented by

-
—SO:@, —CO@ and —éf«@
RS

10 each of R’ and R’ is a hydrogen atom or methyl radical,

and
letter n is an integer of 0 to 10.

2. The composition of claim 1 wherein the compound of
15 formula (1) is a compound of the following formula (2) or
(3):

' 0 tert-CH,
i
0 m
CH, \@/CH; tert—~C,H, CH, OI CH,
e (2)
(“) ) tert—C4H9 O OH
Or—oto——obo (3]
HO O
30 CH, i cH, ert-CHs oy, i CH,

35 whexein letter m is an integer of 1 to 11.

25

- (3)

———e

N A



~ -15- As seen fromthe results of Table 2, the epoxy resin conpositions

" containing a phosphorus-containing flanme retardant within the scope of the
invention yield cured products having i nproved hi gh-tenperature exposure 5
resistance, flame retardancy, and reflowgracking resistance. Reference
Exanpl e 1: Synthesis of conpound of formula (2) In a reactor equipped with
a condenser and exhaust gas 10 renoving unit, 3.78 kg (17 nol) of
2,5-di-tert-butyl- hydroqui none, 3 kg of ethyl acetate, and 0.170 kg of

pyridine were, thO‘i‘ﬁéQBbx}{p@é%@fbrb)bfagﬂlh@h' Qnoynziefu@méﬂﬂaoi@g@am fi{ey the

t h dt t t 34 |
of phosphor s T5aFF| ERFUFIAIS ALCodroPRECEOHE S PHGBRE AT OB AL rbf;bq 30

m nut es. ThecbmpuhndngfntnﬁLﬂaihmmangefbnmeﬁafp4)ahoqﬁ)one hour at an
internal tenperature of about 74[err]C. Then a solution of 4.15 kg (34 nol)
of 2, 6-di net hyl phenol in(Hkg @Hethyl acetate was added to the mi xture

over one hour at 20 an in tenperature of 75 to-77[err]C. The
resul ti ng brown squEjon was agitated under reflux for 1-1/2 hours and then
\P P/O
i~CHy” M Ni-CH, (4
OH OH
10
7
fLC—?—O Al o (5)
OCH; /s

4. The composition of any one of claims 1 to 3 wherein
15 epoxy resin (A) is a biphenyl type epoxy resin.

5. A semiconductor device encapsulated with a cured

product of a semiconductor encapsulating epoxy resin

composition as set forth in any one of claims 1 ‘'to 4.
20

* [+ L M $ *



%

, cooled to about 25[err]C. A solution of 3.74 kg (34 nol) of hydroqui none in
9 kg of ethyl acetate and 2.7 kg of acetone at 25[err]C was added dropw se
to the reaction solution over 25 about two minutes, 4.66 kg (46 nol) of
triethylam ne was added thereto, and theijesulting m xture was agitated for
a further 30 mnutes. To the m xture 3.86 kg of 30% H202 was added over

about one howemBYADHCHOK EntAPstyaTined EbBiky2rERTNNEAMBOSPHTONYNI | ©
R bRy et i e o

resulting m xture was washed twice wth HC1 and once vvlt

organi ¢ phase was separated, dried ov Hm sul fate, and stripped of the
sol vent under vacuum FlnaIIy the so B éggbddue was dried for a further 30
m nut es under hlgh vacuum vyielding 35 8.33 kg (theoretical yleld 71@6 of

t he end product. % nla% $om ) pj% qcm\jv 02

results of - 16- ‘%‘eﬁ asyétfnalao %gga?%}}m on\}% 9 (M{Yhz ﬁﬁ |ne cont ent

was | ess T haByowgight of an epoxy re51n, (B) 20-80 parts by weight of a
‘curing agent, (C) 0.1-50 parts by weight of a phosphorus-
containing flame retardant, and (D) 200-1,200 parts by

weight of an inorganic filler cures into products having
improved high-temperature exposure resistance, flame

10 retardancy, and reflow cracking resistance. The composition
eliminates blending of antimony trioxide and brominated
compounds and 1is useful in encapsulating semiconductor
devices for imparting high-temperature reliability.



c. H P Found, % 64. 35 6. 28 8. 22 1hpp46p-0 oy
Calcd., % 65. 28 6. 00 8.02 Reference Exanple 2: Synthesis
of c¢onmpound of formula (3) In a reactor equi pped with a condenser and
exhaust gas renmoving unit, 22.22 g (0.1-Bel) of 2,5-di-tert-butyl- 10

hydr oqui none, 17.5 g of ethyl acetate, and 1.05 g of pyridine were

t horoughly m xed by agitation under dry argon. To the m xture was added
27.59 (0.2 nmol) of phosphorus trichloride. The resulting m xture was slowy
heat ed and mai nt aFkR A MHREOTeaye Tf@Pnéwa"'—oﬁeS?fblﬁng’ﬁ&?fa sol ution 15

0; ng- :1 gt ﬁ] Oeﬁqé’ﬁtéﬁlaﬁfin% @'g%i}@?tﬁ%:gﬁﬂheaﬁboéﬂ%%?n Sls;rufy; #lddrpoaaat aitet vas
added to the_mi xture over 0 ut es. e resultin rown sol ution
was agit at edtQmRER (€} B fat%?r %f-fi'f‘?g‘hg’ﬁﬁ'gwaﬁﬁ ks @Fn@o&e&%r?igngggages
25[err] C. A sol atpxodwdft 2hizh ds( QAmproved bh ] Bpd-teatidrddmeyydespéne in 52
g of ethyl 2 . 0 . Qe [ 2 | J added
dr opwi se%t o] %aé:lg%%(feora]d%oﬁ]na%?“g% Yo&g?ggggﬁtaﬁgq?ngoﬁﬂu]t%:ast%%gfp g’%"gﬁ?& 27 nol)
of triethyl aFh@ecyEed arpdrathdsead sevampiovesd nip eeefilftechnaskiggol i ng, and

the resul tingedi staic BN adidrtc@etpbebtars Uekpesud fididncel0 tthennhxture

2.67 g of . . . .
seniconductor device encapsulated with the cured product is

improved in high-temperature reliability. The present

10 invention is predicated on this finding.

Formula (1):

- | 0 B o0 ~ 0
15 f f _ i
O-P-0O 0-P-0 0-P-0
R’ ] ] |
O K ) R O
R? | R* R % Rt R? | R¢
’ 5 . 5 . 5
20 R | R . R
Rl
O
| R®
ot (¥
R’
D 3 (1)
R R*
30 In the formula, each of R' and R? is an alkyl radical

having 1 to 4 carbon atoms. Each of R’ and R' is a hydrogen

. . 5 .
atom or alkyl radical having 1 to 4 carbon atoms. R 18 a

hydrogen atom, hydroxyl radical. Each of R® and R’ is a

hydrogen atom, hydroxyl radical, or a radical represented by

This is the replacement sheet

Vo6 463—x
2 'Qxf\ao

s Dates



25 30% H202 was slowy added. The m xture was agitated for a further 2
hours. Thereafter, as in Reference Exanple 1, the end conpound was i sol ated
and dried. The resulting brown resinous material had a softening point of
156.6 to 171.2[err]C. The results of elemgntal 30 analysis are shown

bel ow. The hydroxyl content was 5.65 neq/g. C H ' P Found,
% 61. 20 6. 53 8.13 Calcd., % 62. 53 6. 00

7.68 35 Although sone preferred enbodi
nodi fications aqﬁ
t he above teachi

scope of the apeg
as specifically

10

15

20

25

30

35

nts have been descri bed, many

vari ati onsOmy be mage * Q7- theretjo int | i ght of
i t&l%?] U 7’ 8 hat(?l_v_i_'ntke
i i on Tﬁy be ot herwi de t han
escri .0 » O
R3 R R R R R? R4
L} RS
RI
' Re
O—I?—-O
R’ - (1
A 0 (1)
, R R¢
RS

In the formula, each of R' and R’ is an alkyl radical having
1 to 4 carbon atoms. Each of R’ and R' is a hydrogen atom or
alkyl radical having 1 to 4 carbon atoms. R’ is a hydrogen

atom, hydroxyl radical.

Each of R° and R’ is a hydrogen atom, hydroxyl radical, or a

radical represented by

_—-OCI-I.zC\H(;/CHz‘, —@ —o@. —s@.
-
—soz—©, —co—@ or —i—@.

Each of R® and R’ is a hydrogen atom or methyl radical.

Letter n is an integer of 0 to 10.
The alkyl radicals having 1 to 4 carbon atoms include
methyl, ethyl, n-propyl, i-propyl, n-butyl, sec-butyl, and

tert-butyl radicals. While R’ to R’ are as defined above,
both R' and R’ are preferably the same alkyl radicals, most
preferably tert-butyl radicals. Both R’ and R are

preferably methyl radicals. Rs is preferably a hydrogen

This is the roplecement sheet



-18- CLAIMS: 1. A sem conduct or encapsul ati ng epoxy resin conposition
conprising 5 " (A 20 to 80 parts by weight of an epoxy resin, (B) 20
to 80 parts by weight of a curing agent, (C) 0.1 to 50 parts by weight of a
conpound of the general formula (1), and (D) 200 to 1,200 parts by weight

of an inorganic 10. filler, the general fgrnula (1) being: [err] 30

wherein each of Rlerr] and R err] is an alkyl radical having 1 to 4 carbon
atons, each of Rlerr] and Rlerr] is a hydrogen atom or al kyl radical having
1 to 4 carbon atonms, Rerr] is a hydrogen atom hydroxyl radical,

atom. At least one of R® and R’ is preferably a hydroxyl
radical or glycidyl ether radical because these compounds
may react with the epoxy resin component to form a part of
the resin skeleton.

5 Preferred among the compounds of formula (1) are
compounds of the following formulae (2) and (3).

O tert_ C(Hﬁ O

1 1 |
0 m
10 CH, f CH, tert—C.H, CH; O] CH,

- (2)
s Do oto—S—oto-O}-
— O L
HO L 0 c}gai Cdls CHL CH,
20 M I
0-P-0 0-¥-0
|
0 tert-Cls 0 OH
CH, CH: . CH, CH
- (3)
s 25 In these formulae, letter m is an integer of 1 to 1l.

It is noted that the compounds of formula (1) should
desirably contain less than 50 ppm, more desirably less than
10 ppm of chloride ions and alkali metal ions combined as
extracted at 120°C and RH 100%. More than 50 ppm of
30 chloride ions and alkali metal ions combined would adversely
affect the high-temperature exposure resistance and humidity
resistance of the composition.
The flame retardant of formula (1) is added to the
composition in an amount of 0.1 to 50 parts by weight per
35 100 parts by weight of the epoxy resin and curing agent
(typically phenol resin) combined. Flame retardancy 1is
insufficient with less than 0.1 part of the flame retardant

This is the replacement sheet
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-19-"Rerr] and R err] are independently selected fromthe group consisting
of a hydrogen atom hydroxyl radical, and radicals represented by [err] 10
each of Rlerr] and R err] is a hydrogen atomor nethyl radical, and letter

nis an integer of 0 to 10. 2. The conposition of claim1l wherein the
conpound of 15 formula (1) is a conpound of the followng formula (2) or
(3): [err] 35 wherein letter mis an intgger of 1 to 11. -20- 3. The

conposition of claiml or 2 further conprising (E) a flane retardant aid in
the form of a phosphorus-contai ni ng

CLAIMS:

1. A semiconductor encapsulating epoxy resin composition
comprising
5 (A) 20 to 80 parts by weight of an epoxy resin,
(B) 20 to 80 parts by weight of a curing agent,
(C) 0.1 to 50 parts by weight of a compound of the
general formula (1), and
(P) 200 to 1,200 parts by weight of an inorganic
10 filler, '
the general formula (1) being:

Rl

5 R 7 ? g
O0-P-0 0-P-0 O-P-0——
R 0 J 3
3 4 Rz 3 4 " 3 4
R R R R R i R

20 R R . RS

% R*
0 R vee (1)

25

30 wherein each of R’ and R’ is an alkyl radical having 1 to 4
carbon atoms,

each of R’ and R® is a hydrogen atom or alkyl radical

baving 1 to 4 carbon atoms,

R’ is a hydrogen atom, hydroxyl radical,

“"I“l mlu “I" ulll " l"l Teie i the repiacement sheet
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conmpound of the following formula (4) or (5): [err] 5 4. The conposition
of any one of clains 1 to 3 wherein 15 epoxy resin (A) is a biphenyl type

epoxy resin. 5. A sem conduct or devi ce encapsulated with a cured product
of a sem conductor encapsul ati ng epoxy resin conposition as set forth in
any one of clainms 11 to 4. 20 -19-

R® and R’ are independently selected from the group

consisting of a hydrogen atom, hydroxyl radical, and
radicals represented by

; -OCHEH G @ _OO, ‘SQ'
Ra
s Y. -co{ ) an ).
s

10 each of R’ and R’ is a hydrogen atom or methyl radical,

and
letter n is an integer of 0 to 10.

2. The composition of claim 1 wherein the compound of
15 formula (1) is a compound of the following formula (2) or

(3):
0 tel't—CJ.{g 0

O m
20 CH, i cy, tert-CHs gy, i _CH,

- (2)
= 25 0"1?‘0 O‘I,”O
0  tat-CH o mt
HO oy, i CH; CI{s\@,CHa
L o tert-CH, 0 OH
30 : ] 1]
0—1?~o——§ §——o—1;—o-Q
: tert—- H

0 CHy 0 0
CHs CH: CIL\©,CI~L

35 wherein letter m is an integer of 1 to 11.

* = L M s *
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